During a prolonged clearing with particularly dry atmospheric conditions over the Southern California
INTRODUCTION
The accuracy of sea surface temperature estimation, using infrared (IR) radiometers aboard earth-orbiting spacecraft, is adversely affected by the attenuation of the atmosphere [Maul and Sidran, 19731 . The effect is principally due to varying amounts of water vapor and spatially unresolved clouds, which absorb and reradiate some of the IR radiation emitted from the ocean. As a result, radiometers measure lower brightness temperatures than they would under cloud-free and moisture-free conditions [Barne// e/ d., 1979; Bernstein, 19821. Differences of several degrees between radiometer-measured brightness temperatures and in situ sea surface temperatures (SST) are common. A small part of these differences is caused by the existence of a cool "skin" in the upper 10pm which is sensed by the satellite radiometer and which is often 0.3"C to 0.6"C less than the in situ SST commonly measured at a depth of 1 m or so [Paulson andsimpson, 19811 . While several techniques have been developed to reduce the effects of atmospheric attenuation, it was only with the deployment of the Advanced Very High Resolution Radiometer (AVHRR) aboard the NOAA 6 and NOAA 7 polar-orbiting meteorological satellites that th? means were Copyright 1984 by the American Geophysical Union.
Paper number 4C0574. 0 I48-0227/84~004c-0574$05.00 provided to effectively accomplish it. The improvements in the AVHRR instrument over its predecessors include lower background noise in the data and the availability of multiple atmospheric-window channels in the IR bands.
Recently published algorithms that provide estimates of SST from IR brightness temperature [Bernstein, 1982; McClain, 1981 ; McClain e/ a/., 19831 utilize the advanced capabilities of the AVHRR. The algorithms provide for the selection of cloud-free data and the calculation of SST by using IR readings from two or three different spectral channels. The root mean square disagreement between calculated satellite SST and in situ ocean measurements has been shown to be 0.7"C or less. On the NOAA 6 the AVHRR has channels in the visible ;(0.6 -0.7 p m ) . near IR (0.7 -1.1 p m ) and thermal IR (3.5 -3.9 and 10.5 -11.5 p m ) . These are referred to as channels 1, 2, 3, and 4, respectively. An additional channel (11.5 -12.5 p m ) , referred to as channel 5. is available on NOAA 7. NOAA 8, launched on March 28, 1983 , has the same configuration as NOAA 6 .
During a 2-day period in late November 1980, data from the NOAA 6 AVHRR were collected for a consecutive sequence of four overpasses of the Southern California Bight. During these overpasses, a large area of ocean, including the Southern California Bight, was free of clouds. Concurrently, the NOAA vessel David Sfarr Jordun was conducting a pattern of oceanographic measurements within the field of view of the NOAA 6 satellite. The clearing, which extended from inland regions to beyond 400 km offshore, was the result of a weather pattern locally termed a "Santa Ana," in which there was a broad seaward flow of low-humidity air from inland desert regions that displaced the marine cloud deck.
In this paper, multichannel atmospheric correction equations for the NOAA 6 , proposed by Bernsfein [19821 and by McClain [19811, are evaluated by using the satellite and in situ data set noted above. An estimate of the temporal and spatial variation of SST over small scales is made from these data, and the effect of this variation in matching satellite and in situ data sets is discussed. Additionally, changes in the temperature fields between images are examined for diurnal variation and for surface advection of horizontal temperature gradients. The temperature channel was calibrated against highquality reversing thermometers. The CTD casts were standardized by reversing thermometers and discrete salinity samples drawn at 1 m and at 500 m, the greatest cast depth. These casts are started with the unit submerged and hence record temperature no shallower than 1 m. Winds and weather were recorded at CTD stations.
Ocean Measurements

Satellite Measurements
The AVHRR data were collected and processed at the Scripps Satellite Oceanography Facility by using the Interactive Digital Image Manipulation System (IDIMS). The raw AVHRR signal was digitized to IO-bit resolution in equal increments of energy. Then, a radiometric calibration routine based on that of Lauritson et a/. [I9791 was used to convert the channel 3 and channel 4 energy values to units of temperature. Channel 1 and channel 2 signals were converted to percent albedo by using prelaunch constants. An orbit time correction was computed and the images were registered to an earth location accuracy of 1 pixel (1.1 x 1.1 km along subtrack) by using the method of Young [1981] . Image registration was checked against the location of Santa Barbara Island (33"29'N, 119"02'W). The area of this island does not greatly exceed 1 km2; hence it falls almost entirely within 1 pixel.
The first overpass was collected at 0730 PST November 27, 1980 (Julian day 332). The following three overpasses were collected at successive 12-hour intervals. These are referred to as OP 1 through OP 4, respectively: OP 1 and OP 3 are morning (descending) orbits, while OP 2 and OP 4 are evening (ascending) orbits. The subtracks of OP 1 and OP 2 fell within the bight; the subtracks of OP 3 and OP 4 fell less than 500 km to the east of it.
Description of the Study Areu
Working files of full-resolution images (512 x 512 pixels) were created for analysis. Figure 1 is an image of the study area made by assigning a gray scale to channel 4 brightness temperatures of overpass 2. The image encompasses a region off southern California and northern Baja California. Point Conception is found at the upper edge of the figure and Cape Colnett. Baja California, on the lower right edge. (Koblinsky, et a/. [I9841 also used the data from these satellite passes in the study of an anticyclonic eddy and thermal fronts that lie to the north and west of the area we have framed.) Cool waters are light and warm waters are dark. The Califorriia Current transports cool waters of northerly origin southward. Inshore of the California Current, the California Countercurrent transports warmer waters of southerly origin northward (during fall and early winter). At this time the countercurrent extended northward around Point Conception as indicated by the warm (dark) coastal waters. The thermal front in the upper center of Figure 1 most probably was enhanced by the injection of cold upwelled waters into the California Current from coastal regions along central California [see Koblinsk-v, et a/., 19841 . At the thermal front the largest temperature gradient measured by the thermosalinograph about 18°C. There is a cyclonic eddy west of Ensenada, Baja California, the center of which is warmer (at the surface) than the surrounding waters. The sense of eddy rotation was confirmed by surface thermal structure movement in the series of images and by geostrophic velocities calculated for stations on line 100 (Figure 2) . Although the dynamics of a cyclonic eddy dictate a cool core, and the same relative pattern is expected at the surface,this eddy appears to be entraining even cooler surface waters, which have upwelled along the coast near San Diego. into its periphery.
These characteristics and features in the image of Figure 1 do not deviate appreciably from seasonal means or earlier observations. The characteristics demonstrating seasonal normality include surface temperature patterns and small pockets of coastal upwelling [CalCOFI, 1963; Lynn, 19671, Figure I .
THE SANTA ANA AND SUBPIXEL CLOUD DETECTION The "Santa Ana" weather condition is characterized by winds from the midland high-desert regions, high temperatures, extremely low humidity, and complete clearing of clouds [Sommers, 1978, 19811 . A Santa Ana occurs when the eastern North Pacific high-pressure cell moves inland, often over northern or central California, and the inland desert low-pressure cell is situated south of it. The resulting gradient winds are directed seaward. These winds are fed by upper level dry air that descends, adiabatically warms in the eastern sector of the. highpressure cell, and is reinforced by warm dry desert air. An observer in the coastal region would note the intense blue of the sky. A Santa Ana is an infrequent occurrence in its fully developed state. It is more likely to occur in late fall and winter than at other times and typically lasts for several days. The extreme dryness associated with Santa Anas often creates serious fire hazard conditions in coastal brush and forest regions [Sornmers, 19811. Such conditions occurred during this study.
An important criterion for successful employment of any atmospheric correction is that the area of interest be free of clouds, including very small or transparent clouds that may remain. undetected upon visual inspection of the image. The reflectance value for each pixel, as measured by channel 2, can be used to detect unresolved subpixelsized clouds in daytime images [Bernstein, 19821. A totally cloud-free atmosphere will result in an albedo of the ocean surface of less than 2% [Bernstein, 19821. In our study area, no pixel showed greater than 1.7% albedo, with most pixels registering less than 1.3%. The largest albedo values were associated with a seaward projecting smoke plume originating from several brush fires. This phenomenon is discussed in a later section.
The difference between channel 3 and channel 4 and its spatial variation are also indicators of the degree of cloud contamination. This difference is used for nighttime passes when albedo measurements are not possible. The difference is usually slightly positive because of the unequal response of the two channels to water vapor.
Over very humid tropical atmospheres, it can range up to 4°C or 5°C. A much larger positive difference indicates the presence of transmissive clouds or small subresolution cloud elements, whereas a large negative difference,
is indicative of thick nontrarismissive clouds
[McCluin et a/.. 19831. Although this difference, theoretically, should be very close to 0 for a dry, cloudless atmosphere, the actual differences will be slightly negative (-0.1" to -0.7"C) due to molecular absorption of atmospheric gases other than water vapor (E. P. McClain, personal communication, 1983) . Within our study area, the channel difference consistently ranged between 0.0"C and -0.6"C for all four passes. Thus both albedo values for the daytime passes and the differences between channels 3 and 4 for daytime and nighttime passes confirm the relatively dry, cloud-free conditions during our experiment. In OP 4, clouds had moved into the southwest corner of the field. Our analysis is confined to the clear areas.
SATELLITE DATA NOISE REDUCTION
From its initial operation after launch, July 1979, the channel 3 signal of the AVHRR aboard NOAA 6 has been sensitive to interferences purportedly generated by improper isolation from other circuits in the spacecraft. (Channel 3 in NOAA 7 and NOAA 8 also have had the same problem. An on-gassing procedure resulted in a 90% reduction in noise level as of June 15, 1983 (NOAA 61, September 8, 1983 (NOAA 81, and September 17, 1983 (NOAA 7) (E. P. McClain, personal communication, 19831 .) The interference is manifested as a noise added to the sensor signal. The noise progressively increased in magnitude with time so as to make channel 3 unusable, for all practical purposes. by May 1981. In November 1980 the noise was on the order of kO.3"C. with occasional spikes to f 1°C (the effect of which is increased by SO%, using either SST correction equation). In imagery, most of this noise appears as a mottled herringbone pattern. However, all the major ocean thermal gradient features are easily discernible. The noise is susceptible to filtering because of its regularity.
The temperature signals sensed by channels 3 and 4 differ slightly because each responds differently to atmospheric gases and water vapor. Prior to filtering channel 3, the noise is enhanced in relation to the signal by creating a file of the difference between channels 3 and 4. This step removes most of the signal (i.e., the ocean temperature structure) and leaves the difference in response of the two sensors to atmospherics and the noise. Then, a twodimensional Fast Fourier Transform (FFT) routine, available in IDIMS, is applied. The division between the remaining signal and the noise is subjectively identified on a display of the magnitude of the transform. The portions of the transform that contain the signal information are masked and an Inverse Fast Fourier Transform (IF") is applied to the remainder (the noise), which then is subtracted from channel 3 to create a virtually noise-free channel 3 signal. The resulting image is very clean and shows the same fine-scale thermal structure as an image of channel 4. Plots of brightness temperature for channel 3, before and after filtering, and for channel 4 are given in Figure 3 for a line of pixels coincident with the ship's track along CalCOFl line 90. Along most of this line, the filtering appreciably reduces the noise. A problem is created. however, by the filtering procedure in the daytime images within 50 km of the coast (on the right side of the plots of Figure 3 , covered by shading). where the temperatures of the filtered channel 3 deviate sharply from the unfiltered data and from the form of the channel 4 plot. This is the effect of the FFT-induced smoothing across the abrupt temperature change betseen ocean and lund There is also a very small shadow effect, which ripples out from the coast. It is seen as ghostly repetitions of the coa5tline in an image formed by differencing channels 3 (filtered) and 4. and it has an amplitude of approximately 0.1"C. The problem was not evident in the night images. when the ocean/land temperature differences were \m'ill. In this study we have avoided the heavily affected areas within 50 km of the coast; the small-amplitude ripple effect was ignored. A technique that may avoid this problem. but which we have not tested. is to assign to all land areas a single value of temperature difference close to that found in coastal waters prior to applying the FFT filter.
The dual-channel empirical equation for calculating surface temperature (T,,L) from NOAA 6 data given by .Md'/uin [ 19 8 11 is where T, and T4 are brightness temperatures for channels 3 and 4 and all temperatures are in degrees Celsius. I t was developed from a simulation model by using measured atmospheric moisture and temperature profiles. and i t was adjusted by linear regression to fit a set of 41 paired observations of ocean and satellite data selccted for seasonal and geographic diversity. Bernsrein (19821 developed 'in alternate version of a temperature correction equation by using only daytime passes. a rigorous screening process to obtain cloud-free satellite data. and a different set of paired ocean and satellite data. His version. after transformation and using temperatures i n degrees Celsius.
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The Bernstein version gives slightly higher temperature5: 0.3"C higher for TI = 15°C and TI -T4 = 4°C (moist atmosphere) and 0.Y"C higher for T3 = 15°C and TI -T4 = -0 5°C (dry atmosphere). The offset increases slightly for higher temperatures One of the critical steps in the algorithms of Bern-.siein [I9821 for NOAA 6 and McC/n/n er a/. 119831 for NOAA 7 is the selection of t h o x elements of a 5atellite image that are most likely to be free of contamination by clouds. Criteria for selection include the magnitude of the readings from various channels (to fall within specified ranges). the relationship between the readings of various channels. and the degree o f cariation among neighboring data elements. It is characteristic of these selection 
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C h a n n e l 4 There is excellent agreement in the spatial structure of SST between the satellite and ship records. The agreement is best where the records are more nearly coincident in time (in the neighborhood of the time of OP 3 ) . In terms of values of temperature for this daytime overpass the Bernstein equation has a mean bias of +0.5"C in relation to the in situ measurements and the McClain equation a bias of -0.4"C. In both cases they are within the range of scatter claimed by the authors: however, they differ from each other by 0.9"C. more than their individual anticipated range of scatter. The biases attained by these simple linear models. however. are a considerable improvement over earlier versions. There is a variety of possible causes for the level of uncertainty in the models, and these causes may also be responsible for the differences between them. Both models were fitted to sets of 
SMALL-SCALE SPATIAL A N D TEMPORAL VARIATIONS
Plots of channel 4 brightness temperatures along line 90 for OP 1 and OP 3 are plotted on a common scale in Figure 5 . These transects cross a meandering thermal front three times, producing the large gradients in the center of the figure. The gradients are about 2°C in IO km. Elsewhere in this transect there are gradients of 0.6 to 0.8"C in several tens of kilometers. The offset of one trace from the other shows the changes in 24 hours. A lateral translation (;.e., advection) of some of the gradient features has produced local temperature changes equal in value to the spatial temperature differences. The large gradient features in the center of the transect moved eastward 15 km in this period, and the gradient near 100 km from shore moved westward 20 km. The 0.8"C cooling that occurred at 300 km from shore was caused by advection transverse to this line (determined by inspection of the sequence of thermal images). The offshore two thirds of the transect shows an overall cooling on the order of 0.3"C. These temperature differences over short distances and periods will quickly degrade a matchup of satellite and in situ measurements that are not taken within a few hours and a few kilometers of each other. Such a requirement, however, is apparently too stringent to permit a sufficient set of data pairs for establishing a regressional relationship that has reasonable geographic and seasonal applicability. Thus the necessry temporal and spatial tolerances in associating ocean and satellite measurements can account for a part of the variance in the derived temperature relationship.
OCEAN SKIN TEMPERATURE
Radiometers measure the "skin" or surface temperature of the ocean, which is usually a few tenths of a degree Celsius cooler than the temperature some tens of centimeters below [Paulson and Simpson, 1981 half the variability in the radiometric SST is accounted for by the variability in the subsurface ( 1 m) temperature. Based upon their experiments, the unaccountable variability is at least 0.1"C to 0.3"C. Moreover, under very low wind conditions and strong (summer) solar heating, it can be as high as 0.5" to 0.6"C. Hasse [I9711 showed that the diurnal temperature variation within this skin layer is somewhat greater than within the rest of the diurnal layer, approximating in phase and range the overlying air temoerature.
DIURNAL EFFECTS
The collection of sequential imagery from day and night NOAA 6 overpasses during this study and the high Jacobs, 1978; Kaiser, 1978) and numerically simulated by Dickey and Smpson [1983] . During the day irradiative heating increases the heat content of this layer, the highest temperatures occurring in the late afternoon. The surface layer then begins to gradually lose heat during the night (or mixes the heat downward) until the temperature of the diurnal layer matches the temperature of the underlying water. A mixed layer condition persists until irradiative heating once again becomes appreciable, which is around 1000 local time for midlatitudes in autumn.
During late November, in the Southern California Bight, sunrise is at approximately 0700 and sunset at 1700 PST. The morning orbits of NOAA 6 cross the study area during the period when the diurnal layer is absent. The evening orbits pass over 3 to 4 hours after the expected peak development of a diurnal layer. The surface temperatures along line 90 are given in paired line plots by using channel 4 temperatures for each of three daylnight 12-hour intervals in Figure 6 . Diurnal variation in brightness temperature is clearly evident. The evening (1930 hours) temperatures are seen to be higher than the rnorning (0730 hours) ones by 0.2 to 0.9"C, except for small areas where shifting thermal gradients counteracted or reinforced the diurnal cycle. These differences are larger and more prevalent than the 24-hour differences of Figure   5 . The differences between channels 3 and 4 remain substantially constant from OP 1 to OP 4, suggesting that the atmospheric conditions also remained constant. Therefore, the overpass-to-overpass differences in channel 4 brightness temperatures are equivalent to the differences in calculated sea surface temperatures and were chosen for examination because they are the most noise-free. These 12-hourly differences in channel 4 brightness temperatures measure diurnal heating and cooling of the oceanic thermal molecular boundary layer (the skin effect), which in turn reflects the diurnal heating and cooling of a shallow surface layer below it. The times of passage of NOAA 6 may not have caught the extremes in surface temperature, but it is not likely to have missed by much.
Maps depicting the surface temperature changes were created by subtracting thermal images, pixel by pixel, and assigning a uniform color scale to the resulting difference (Plate I ) . The first of these difference maps (Plate l a ) reveals the overall diurnal warming, shown by yellow and red tones, during the period between OP 1 and OP 2 (morning to evening). The greater part of the image has a temperature increase in the range of 0.25"C to 0.5"C. Warming in excess of 0.5"C occurs south and west of Point Conception, southwest of greater Los Angeles, off Baja California, and more generally within 150 to 180 km of the coast. (Not evident in this choice of color scale is that ocean warming in excess of 1°C is confined to high gradient regions, where advection played a dominant role.) A temperature change between -0.25"C and +0.25"C occurs in the warm offshore waters (middle of Plate l a and to the left), especially south of the leading edge of cold water entering from the northnorthwest. There is an overall diurnal cooling in the subsequent period between OP 2 and OP 3 (evening to following morning), shown by green and blue tones (Plate Ib). The picture of cooling is roughly the reverse of the picture of warming, however, in some regions the range of diurnal cooling exceeds the warming. Most of the image has a temperature change in the range of -0.5"C to -1.5"C.
(Actually the only cooling in excess of -1.o"C occurs south and west of Point Conception.) The movement of thermal gradient features over these periods produced juxtaposed patterns of strong warming and cooling in both images that mimic the features and indicate their direction of movement. For example, the cold plume extending seaward from the coast near Tijuana (Figures 1 and 2 ) appears in Plate 1 (especially Plate IC) as paired warm and cold features because the plume shifted northward in the interval. The 12-hour temperature differences between OP 3 and OP 4 (not shown) are similar in pattern to Plate la, except that the warming was greater by nearly 0.3"C in the central and coastal portion of the image; the western and southwestern portions were contaminated by the return of offshore clouds and moisture in OP 4.
The sequence of 12-hourly SST differences shows a larger range in those waters in which the penetration of diurnal heating is constrained to a shallow layer. This includes turbid coastal areas, where the depth of penetration of solar irradiation is restricted by enhanced absorption caused by biological productivity. As a result these areas frequently have a shallow thermocline, which restricts the depth of vertical mixing. The area off Los
Angeles is an example of such biologically productive waters (Plates l a and Ib). Such observed differences in the diurnal ranges, based on variation in optical characteristics and mixed layer depth, are consistent with the results of numerical simulations by Simpson and Dickey [I9811 and Dickey andSimpson [19831. A larger range also occurs in the large plume of cool water extending southward and southeastward from near-shore regions off central California and reaching offshore of the southern Channel Islands in which infusion of coastal upwelled waters produces considerable enrichment of phytoplankton [Simpson, 19841 . An example of regional contrast of diurnal SST range on a much smaller scale is found in the false color images 220 km southwest of Ensenada, Baja California, where a 1°C thermal front separates a wedge of warm water to the south from cooler waters to the north (Figures 1 and 2) . The warmer waters experience a wider range of diurnal change, >0.5"C, than the cooler waters, <0.5"C (Plates l a and Ib). These observations suggest that two very different regimes of heat flux and vertical mixing might have operated on opposite sides of the front, These examples offer an interesting extension of the applicability of satellite radiometric data, and they warrant further study.
Over the encompassing 24-hour period between OP 1 and OP 3, {Plate I ) , the differences are generally smaller, except for the areas affected by the movement of gradient features, most of which show larger changes. In the far offshore areas and the cooler northern waters, cooling predominates, some of which is in excess of -0.5"C. Negligible differences predominate in the central coastal region. Moreover, the waters off Baja California, which may be remanent of earlier upwelling, show a overall small rise in temperature. The image of 24-hour temperature differences between OP 2 and OP 4 (also not shown) exhibits small temperature increases in nearshore areas, while offshore areas have negligible changes or minor cooling. The Jordan CTD casts provide some small evidence of a diurnal layer. Of the 15 temperature/depth profiles, each from a different location, three were made in the late afternoon or early evening, when a warm diurnal layer would be expected to exist. Of these three, two casts show evidence of a diurnal layer. The cast at station 90.53, made at 1945 hours, shows, an 11-m-thick surface layer that is 0.2"C warmer than the remaining body of the surface layer, and the cast at station 90.60, made at 1525 hours, shows a 7-m top layer that is 0.2"C warmer. The third afternoon cast, station 100.70, had no diurnal layer but was not taken until a week after this Santa Ana clearing. The CTD casts provide only marginal confirmation for the development of a diurnal layer because their scattered deployment was not entirely satisfactory for this purpose. However, at the positions of the two stations the temperature differences between OP 3 and OP 4 (from Figure 6 ) are in the range of 0.4 to 0.5"C. The CTD casts show only half as much diurnal variation as the satellite brightness temperatures.
The local balance of heat exchange through the sea surface can be expressed as Qr = Q/+QL+QA, where Q/ is the incident solar irradiation input corrected lor clouds and albedo, QL is the combined loss resulting from net back radiation and latent and sensible heat exchange. Table I ) . The measurements were taken as a matter of routine, and no precautions were taken to ensure their quality. Despite this caveat, they are adequate for estimating the surface heat budget terms. The combined heat losses were calculated for each set of measurements of the nine stations ( a greater gain and lesser loss, but these differences are well within the range of scatter for these terms.
A notable result of the psychometric Computations is that the relative humidity for these stations ranged from 70% to 91"/0. increasing with time (Table I ) . Values ranging from 1Oo/n to 28% were reported for Los Angeles (The Los Angeles Times) and IS"/" to 69% for San Diego for these same days (The Sun Diego Unron). The values of relative humidity calculated from the ship measurements are in apparent contradiction to the description of a dry atmosphere. It is characteristic of a Santa Ana condition. however, that following the displacement of the clouds and the cool moist marine layer by warm dry easterly winds there is immediate renewed evaporation into a thin layer of air near the surface. The evapqration cools the air and forms a stable layer in which water vapor saturation is approached [Liepper, 1948: Noonkes/er, 19791 . Such a shallow layer of cool moist air below the warm dry air of Santa Ana winds was also observed by Sommers [19781. Satellite radiometers integrate the effect of atmospheric water vapor throughout the path length of observation. We have already noted that the magnitude and sign of the difference between IR brightness temperature of channels 3 and 4 describe a dry atmosphere over the ocean for the same days An additional characteristic of IR brightness temperatures is that the thermal contrast between warm and cold water is suppressed by the water vapor content of the atmosphere; in a dry atmosphere there is no apparent loss of gradients in the data field [Huh e/ a/.. 19821. A comparison of either channel 3 or 4 brightness temperatures (Figure 3 ) with the thermograph data (Figure 4) shows no suppression of measured gradients. suppor!ing the case for a dry atmosphere. Consequently. these observations show that the marine layer was very shallow indeed: the psychometric measurements were made at a height of 4 m above the sea surface.
The heat input occurs over a period of about 9 T h e excess heat gain of IO0 cal c m 2 over 24 hours is stirred throughout the surface mixed layer ( Table 1) . resulting in a day-to-day temperature increase of 0.04"C or less This increase is negligible T h e observed IR brightness temperature differences over 24 hours ( Figure 5 and Plate I d suggest that local advection may have played a more important role than the balance of the other heat exchange terms during this study. T h e equatorward flowing Cdlifornia Current in the offshore water, and the poleward flowing California Countercurrent nearshore for lines 90 and 100 (line 100 was occupied 1 I days after line 90) give evidence that equatorward advection of cooler offshore waters and poleward advection (shown hatched in Figure 7 ) of warmer waters might account. in part. for the differences over 24 hours. I t is clear. however, that the magnitude of the day/night brightness temperature difference i b not satisfactorilq explained by the ocean measurements. I t may be that this difference is due, in part, to a variation in magnitude of the ocean skin effect. T h e results o f this comparison point to a need for a better understanding of the heat exchange processes in areas cleared of clouds by warm continental airflow and the e f f x t of these circumstances on the nature of satellite-based radiometer measurements. I t is also clear that diurnal differences can have a n appreciable effect on satellite SST estimations and can be a n appreciable cause of variability if data from both nighttime and daytime orbits are used during one study. If agreement between in situ and satellite measurements is sought. it is preferable to use satellite data from the orbit least affected by diurnal surface heating. For the west coast of the United States this would be the 0730 orbit of NOAA 6, the 0400 orbit of NOAA 7, and the 0800 orbit of N O A A 8.
Bernstein's atmospheric correction equation was derived from satellite data restricted to early morning passes. (The same restriction was not applied to the in situ measurements.) Applying his equation to the evening passes gives a bias of +1.2"C. Such an application appears to be inappropriate. McClarn'r I19811 equation was also derived from morning overpasses (E.P. McClain personal communication. 1983) As applied to the evening passes, however. his equation gives a bias of +0.4"C. nearly the same bias as Bernstein's equation gives for the morning overpasses. The thermograph recorded continuously and should show effects of diurnal warming at 2 m over the 36 hours i t took to complete line 90. Therefore, the bias between a transect of corrected satellite temperature. a truly synoptic measurement, and the thermograph should vary between the periods in which the thermograph detected the penetration of diurnal warming and those in which it did not A change of 0 2°C in the bias of satellite and thermograph between the morning of OP 3 and the following afternoon is suggested in Figure 4 . However, the complexity of the ocean's surface thermal structure and its movement make i t difficult to ascertain.
Smoke -Is There an Effect Upoii Temperature Estimares?
Visual imagery from channel 1 data and reflective IR imagery from channel 2 reveal large plumes of smoke from coastal forest fires, extending southward and westward over the bight. T h e major fires occurred a short distance inland of the beginning of line 90. Beyond the immediate region of the source, the smoke produces an increase in albedo above that in the clearest areas of 0.4 to 1.0'%1. T h ? smoke occurs in large sweeping patterns that have a characteristic scale much larger than the ocean thermal patterns If the smoke produced a detectable Fig. 7 Vertical sections of temperature and corresponding 0/5W db geostrophic velocity sections for lines 90 and 100. Hatching indicates poleward flow.
I effect upon t h e IR measurements, then t h e smoke patterns would be found in the IR images, especially in the temperature difference between channels 3 and 4. No . effect of this kind was found. 2. Both atmospheric correction equations tested in this case study produced estimates of SST that matched t h e in situ measurements within the expected range of scatter. Bernstein's equation produced a bia5 (for a daytime pass) of +O.S"C and McClain's gave -0.4"C.
Bernstein's version, which was derived exclusively from daytime data, produced a bias slightly in excess of 1°C when applied t o nighttime data because of a diurnal variation.
A diurnal variation in satellite brightness [emperature on the order of 0.2S"C to 1 .O"C was recorded in a sequence of four images. In situ measurements did not register the range in diurnal variation seen in the satellite data. This disparity is not entirely understood. There are complex heat exchange processes that occur at and near the air/sea interface (1 to 2 f i m deep) where temperature is sensed by satellite radiometers and other dynamical processes that occur at depths of 1 to 3 m, where in situ measurements of surface layer temperature are made.
4. W h e n there is a diurnal warming of 0.3"C or more, intermixing of daytime and nighttime data will cause problems. T h e problems are avoided by restricting analysis to overpasses that occur at late night and early morning hours. Such a restriction should provide more reliable estimation of SST and a better match to in situ measurements. Effects of diurnal heating in in situ measurements should likewise be avoided, if possible.
5. Differences in time and/or space between satellite and in situ measurements can cause disagreements of up to 1°C or more because of surface thermal structure and its movement.
3.
